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APPENDI X E
JAR TEST PROCEDURES FOR CHEM CAL CLARI FI CATI ON
E-1. General .

a. Laboratory Jar Tests. Jar tests have been used to evaluate the
effectiveness of various coagulants and floccul ants under a variety of oper-
ating conditions for water treatnment. The procedures and evaluation process
(item 4) and (item 20) have been adapted to dredged material (item 29). How
ever, conducting jar tests and interpreting the results to deternine design
paraneters are not sinple tasks because there are many variabl es that can
affect the tests. Only experience can assist in applying the follow ng jar
test procedures to a specific project. Additional information (item 22) is
avai |l able on equiprment requirements and the inportance of flocculent type
flocculent concentration, flocculent addition nethods, tenperature, mxing and
test equipnment, and intensity and duration of mxing on the jar tests results

b. Jar Test Uses. Jar tests are used in these procedures to provide
infornation on the nost effective flocculant, optimum dosage, optinmum feed
concentration, effects of dosage on renoval efficiencies, effects of concen-
tration of influent suspension on renoval efficiencies, effects of mxing con-
ditions, and effects of settling time

(1) The general approach used in these procedures is as foll ows:

(a) Using site-specific information on the sedinent, dredging
operation, containment areas, and effluent requirement, select m xing condi-
tions, suspension concentration, settling time, and polymers for testing

(b) Prepare stock suspension of sedinent.

(c) Test a small nunber (four to six) of polymers that have
performed well on simlar dredged material. The tests should be run on
2-grans-per-litre suspensions, which is a typical concentration for effluent
froma well-designed containnent area for freshwater sedinments containing
clays. If good renpvals are obtained at |ow dosages (10 mlligranms per litre
or less), then select the nost cost-effective polymer. [|f good renovals are
not obtained, exam ne the polymer under inproved mxing and settling condi-
tions and test the perfornmance of other flocculants.

(d) After selecting a polyner and its optinum dosage, exam ne
the effect of polyner feed concentration over the range of 1 to 30 grans per
litre, typical concentrations used in the field, at the optinmm dosage.

(e) Determ ne dosage requirenents for the expected range of
turbidity and suspended solids concentration to be treated at the prinary
weir.

(f) Examine the effects of the range of possible mxing condi-
tions on the required dosage of flocculant for a typical suspension.
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(g) Examine the effects of settling tine on the removal of suspended
solids and turbidity froma suspension of average concentration, using the
sel ected dosage and likely mxing conditions.

(2) The purpose of the approach described is to select an effective
pol yner for a suspension of a standard concentration, 2 grans per litre, which
is a typical effluent solids concentration. In this manner, the effectiveness
and dosage requirements of various polynmers are easy to conpare. The other
test variables are set to simulate anticipated field conditions. After a
polymer is selected, other variables are exam ned: polymer feed concentra-
tion, solids concentration of suspension to be treated, mxing, and settling
time. The approach may be changed to fit the needs and conditions of the spe-
cific study.

(3) The details of each test typically are nodified to satisfy the con-
straints and conditions of the project and test. This procedure generally
requires judgment from experience with jar tests and chemcal treatnent.
Detailed procedures are found in the follow ng paragraphs

E-2. Sel ection of Test Conditions

a. Mxing Intensity and Duration. Prior to testing, the mxing inten-
sity and duration for the jar tests should be sel ected based on project condi-
tions. Assuming that nmechanical nmixing will not be used in the treatnent sys-
tem the anmount of m xing should be based on the avail abl e head between the
two containment areas, i. e., the difference between the water surfaces of the
two areas that can be maintained throughout the project (see Figure E-1). The
depth of the secondary area must be sufficient to provide 2 to 3 feet of stor-
age and 2 to 3 feet of ponding for good settling. Preferably, 2 to 3 feet of
head should be available for nixing. The object is to convert the head into
m xing energy in the culvert(s) joining the two containnent areas. The anmount
of head loss is a function of flow rate, culvert dianeter, and length
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Figure E-1. Exanple weir nixing system
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Table E-I presents typical mxing values for good culvert m xing designs under
a variety of conditions assumng a maxi num of five culverts and a maxi mum cul -
vert length of 100 feet. The net mixing & is the product of the nean
velocity gradient (intensity) and the duration. The nmixing intensity in terns
of the nmean velocity gradient G, for the design conditions in Table E-I
varied from about 250 to 500 set . The effectiveness of polyners increased
as the mixing & increased to about 30, 000.

(1) The designer may select a & value from Table E-1 for an exanple
with simlar flow and mixing head, but preferably the designer should cal cu-
late the head loss, mxing intensity, and duration for the existing or
designed cul vert according to the follow ng procedure for pipe flow (item 31).
Assunming a subnerged inlet and outlet and corrugated netal pipe,

_ LE) v
H = (1.5+ D) o (E- 1)
wher e

H = head | oss, feet
L = culvert length, feet
f = friction factor

= 185 n’/DY® (n = Manning's coefficient, 0.024 for corrugated meta

pi pes)
D = culvert dianeter, feet
v = maxi mum vel ocity through culvert, feet per second
2
=4 Qmax/nD
Qax = mexi mum flow rate, cubic feet per second

g = gravity, 32.2 feet per second’
Alternate methods and sources for fraction factor and Manning's coefficient

are available in Hydraulics Design Criteria 224-1/2 to 224/1/4. The nean
velocity gradient G can be calculated as foll ows:

stG
G = Zebi, (E-2)

mean velocity gradient, second'1

wher e

®
1"

specific weight, 62.4 pounds per cubic foot

<
11

v = average velocity, feet per second

absol ute viscosity, 2.36 x 10°° pounds per second per square foot
° at 60° F

=
1

The duration t of the nmixing in seconds is determ ned by
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Table E-1
Design Mxing Values (@)
Fl ow Avai |l abl e Head, ft
_cfs 2 _3 4 5 6
5 8, 200 9, 800 11, 300 12,200 12,900
8 7,800 9, 300 10, 800 11, 600 12, 300
12 7,500 9, 000 10, 400 11, 200 11, 900
16 7,200 8, 700 10, 000 10, 800 11, 500
21 7,000 8, 400 9,700 10, 500 11, 100
27 6, 800 8, 200 9, 500 10, 200 10, 800
36 6, 600 7,900 9,100 9, 800 10, 400
47 6, 400 7,600 8, 800 9, 500 10, 100
60 6, 200 7,400 8, 500 9,200 9, 800
74 6, 000 7,200 8, 300 8, 900 9,500
106 5,700 6, 800 7,900 8, 500 9, 000

The m xing increases with increases in head loss, culvert length, and duration
and with decreases in culvert diameter. Long, nultiple, small-diameter, cor-

rugated cul verts provide the best mixing conditions. Good nmixing requires a

G of about 30,000, though a G of about 8,000 provides adequate mi Xing.

(2) An alternative to using long, small-diameter, corrugated culverts to
effectively convert the available head into mxing would be to install static
mxers in the culvert. Static mxers are fixed obstructions that, when placed
ina culvert, efficiently increase the turbul ence produced by the flow. The
m xers increase the head | oss w thout using smaller diameter or |onger cul-
verts. When using these devices, care nust be taken to accurately deternine
the head loss to ensure that good mxing is provided while not exceeding the
avai | abl e head.

(3) After determining Gand t for field conditions, use the same G

and t for rapid mxing conditions in the laboratory jar test. |If the G is
greater than the G available on the jar test apparatus, mix at maxi num speed
and increase the duration to obtain the sane @& . The relationship between

G and revolutions per mnute of a jar test apparatus is shown in Figure E- 2.
For slow nixing, mix at 20 revolutions per minute (G = 10 seconds™') for
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300 seconds to sinmulate the exit loss conditions as the water dissipates its
ki netic energy upon entering the secondary cell

b. Suspension Concentration. The next step is to predict the average
solids concentrations and turbidity of the suspension to be treated at the
primary weir. This can be estimated from past records of dredging at the site
or flocculent settling tests. Procedures for containment area design consid-
ering both flocculent and zone settling are found herein. The results of
flocculent settling tests, when available, should be used to determine the
suspensi on concentration

c. Settling Time for Flocculated Material. The next variable to estab-
lish is settling time. Flocculated (chemically treated) material settles at a
rate of about 0.25 feet per mnute. The required ponding depth for good set-
tling is about 2 to 3 feet; therefore, a mininmumof 10 mnutes is needed for
settling. Also, due to basin inefficiencies, sone of the water will reach the
secondary weir in 10 to 20 percent of the theoretical residence tine. For
secondary containnent areas, this nmay be as short as 10 to 20 m nutes, though
the mean residence time may be about 50 ninutes. Based on this information,
the settling time in the jar test should be set at 10 minutes. The effect of
settling tinme on suspended solids renoval can be evaluated in the jar test
procedures.

d. Selection of Polymers for Testing. The final consideration before
starting the jar tests is the selection of polynmers to be tested. To simplify
the operation of feeding and dispersing the polyner at the project, a |ow vis-
cosity liquid polymer should be used. Sone polymers effective on dredged
material are:

Bet z 1180
1190
Calgon M-503
Her cof | oc 815
849
863
876
Magni f | oc 573c
577c
Nal co 7103
7132

Pol ymer manufacturers may be able to suggest others. The manufacturers can

al so recommend naxi num pol ymer feed concentrations. Polymer selected for
testing shoul d be nontoxic, nonhazardous, and unreactive. Polyner manufac-
turers can provide detailed information on the properties of their products.

Al so, the US Environnmental Protection Agency has approved nmany polymers for
use on potable water at the desired dosages. Very little of an applied dosage
is expected to be discharged fromthe contai nment area since the polyner
adsorbs on the solids and settles in the containnent area. Therefore,
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Figure E-2. Velocity gradient G calibration
curves for jar test apparatus

pol ymers should not be detrinental to the quality of the receiving waters.
Pol ymers do not increase the long-termrel ease of contaminants or nutrients
from treated dredged material (item 35).

E-3. Suspension Preparation. Dredged material that is discharged over the
weir is conposed of only the finest fraction of the sedinent. In many cases,
this material has been suspended and nixed in the primary containnent area for
several days while the coarser material settled. Therefore, to obtain repre-
sentative suspensions for testing, the following procedure is recomended:

a. Thoroughly mx each sedinent sanple to ensure honbgeneity. Then,
bl end equal portions of each sanple to forma representative conposite of the
sedinent. Gain size analysis and soil classification my be performed on
this material to characterize the nmixture and to conpare it with previous
characterizations of the sedinent.

b. If the sedinent mxture contains nmore than 10 percent (dry weight

basi s) coarse-grained (>No. 200 sieve) material, the material should be sieved
though a standard US series No. 200 sieve. The fines can be washed through
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the sieve using water fromthe bottomof the water colum at the dredging
site. If this water is unavailable, tap water may be used in its place, but
the salinity of the suspension of fines (<No. 200 sieve) nust be adjusted to
naturally occurring salinity of the bottom waters at the project site.

¢c. Prepare a supply of 2.0-grans-per-litre suspensions by diluting a
wel | -m xed portion of the slurry of fines with water fromthe dredging site or
with tap water adjusted with salt to the same salinity. Suspensions at other
concentrations would be prepared in the same nanner.

E-4. Jar Test Procedures. Having established the test variables, the
designer is ready to start the laboratory jar test procedures. Care nust be
exercised in the tests to ensure that each sanple is handled uniformy. The
tests must be performed in a standard manner to evaluate the results. The
followi ng variables must be controlled: identical test equipnment and setup,
suspension preparation, sanple tenperature, polymer feed concentration and
age, polynmer dosage, sanple premix tine and intensity, polymer addition

met hod, duration and intensity of rapid mxing, duration and intensity of slow
m xing, settling time, sanpling nethod, and |aboratory analyses of sanples.
Al of the followi ng procedures described in this section are not necessary
for every project. The required tests are dependent on the purpose of the
study, and sone tests can be elininated based on past experience of treating
dredged material under sinilar circunstances,

a. Selection of polynmer. The laboratory jar test procedures are as
foll ows:

(1) Fill a 1- or 2-litre beaker with a 2.0 grams-per-litre suspension of
fine-grained dredged material.

(2) Mx at 100 revolutions per mnute and incrementally add polynmer at a
dosing of 2 mlligrams per litre until flocs appear. Note the total dosage

appl i ed. (Use a polymer feed concentration of 2 grams per litre or 2 mlli-
grans per mllilitre.)
(3) Fill six 1- or 2-litre beakers with a 2.0-grans-per-litre suspension

of dredged material and measure the suspended solids concentration and turbid-
ity of the suspension.

(4) Mx at 100 revolutions per mnute for 1 nmnute and then rapidly add
the desired polymer dosage to each beaker. Use a range of polynmer dosages
fromO mlligramper litre to about twice the dosage determined in step (2).

(5) Inmediately adjust the mixing to the desired G for rapid mxing as
determned earlier. Mx for the desired duration t also determned earlier.

(6) Reduce the nixer speed to a G of 10 seconds™ and slow mx for
300 seconds.

(7) Turn off the mixer and settle for 10 m nutes.
(8 Wthdraw the samples fromthe 700-mllilitre level of 1-litre bea-

kers and fromthe 1,400-mllilitre level of 2-litre beakers.
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(9) Measure the suspended solids concentration and turbidity of the sam
ples. The test data should be recorded on a report formsinmlar to the one
shown in Figure E-3. Also record any significant observations such as nature
size, and settling characteristics of the flocs, time of floc formation, and
any peculiarities.

(10) Repeat steps (3) through (9) as needed to adequately define the
effects of dosage on clarification.

(11) Repeat steps (1) through (10) for the other polymers. A dosage of
10 miligrams per litre should reduce the solids concentrations by 95 percent
if the polymer is effective. Exanine enough polyners to find at least two
effective ones.

(12) Select the nost cost-effective polynmer that can be easily fed and
di spersed

h. Selection of Polyner Feed Concentration. After selecting the best
polymer, the effects of polyner feed concentration and pol yner sol ution age on
the renovals can be evaluated. Some polyners require great dilution and aging
following dilution to naxinmize their effectiveness. This test is not required
i f adequate dilution water and solution aging are provided in the design to
meet the manufacturer's recomendations. Oten, to sinplify the treatnent
system design, these recomrendations are not nmet. The test is perforned as
foll ows:

(1) Prepare six fresh solutions of the selected polynmer ranging in con-
centration from about 1 to 40 granms per litre

(2) Fill six beakers as in step (3) of E-4.a.

(3) Mx at 100 revolutions per mnute for 1 minute and then rapidly add
the polyner solutions at the effective dosage established earlier and in the
sane manner.

(4) Continue to follow the procedures outlined in steps (5) through (9)
of paragraph E-4.b.

(5) Allow two solutions to age as desired (between 1 hour and 1 day) and
repeat steps (2) through (4).

c. Determnation of Required Dosage. The dosage requirenents of the
sel ected polynmer for the anticipated average solids concentration of the pri-
mary effluent suspension to be treated at the primary weir should be eval u-
ated. This concentration was deternined previously from past records or
flocculent settling tests. The procedure is as follows:

(1) Fill six beakers with suspensions at the desired concentration

of the fine-grained fraction of dredged material. Measure the suspended
solids concentration and turbidity of the suspension.
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(2) Mx at 100 revolutions per minute for 1 minute and then rapidly add
the desired polymer dosage to each beaker. The range of dosages should be
proportional to the solids concentration.

(3) Continue to follow the procedures outlined in steps (5) through (10)
of E-4.a. Oher suspensions with different solids concentrations may be exam
ined in the sane manner to determnine the possible range of dosages required
for the project and the possible range of effluent quality obtainable under
conditions of variable primary effluent solids concentration to be treated.

d. Effects of Mxing. Oher mxing conditions can be exam ned to deter-
mne the inpact of |ow flow conditions and to evaluate whether the mxing is
adequate. The effects of increasing the mxing by a & of 5,000 and 10, 000
and of decreasing flow rate by 50, 75, and 90 percent on the polymer dosage
requirenents can be evaluated as follows:

(1) Calculate the new mixing intensity and duration.

(2) Fill six beakers with a suspension at the anticipated average solids
concentration.

(3) Mx at 100 revolutions per minute for 1 minute and then rapidly add
the desired polymer dosage to each beaker. Select a range of dosages sur-
roundi ng the optimum dosage deternined in the last set of experinents on the
same suspension.

(4) Imediately adjust the mixing to the G value calculated in step
E-2.a. for rapid mxing and mx for the calculated duration t

(5) Follow the procedures outlined in steps (6) through (9) of E-4.a.

e. Effects of Settling Time. The effects of settling tine on effluent
quality can be examned as foll ows:

(1) Determne the range of settling time of interest, bearing in mnd
that the secondary basin will be hydraulically inefficient and the settling
conditions will not be quiescent.

(2) Follow the procedures outlined in steps (3) through (9) of para-

graph E-4.a., but adjust the settling time and sanpling schedule to cover the
range determi ned above.
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